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Improve HIB illumination non-uniformity of wobblers’ initial 
imprint, which induces implosion non-uniformity 

 Purpose 

Precisely controllable HIB: pulse shape, particle energy, beam axis, etc. 
 
Wobbling HIBs were proposed to smooth HIB illumination nonuniformity 
& R-T growth reduction. <- M. Basko, et al., /S.Kawata, et al., /J. Lunge, 
et al., /H. Qing, / A. Friedman, etc.  
 
J. Lunge & G. Logan found a very-good uniformity of wobbling HIBs 
illumination for time-averaged HIBs on a target.  
 
->  A large HIBs-illumination nonuniformity by the Initial imprint ~ 15% or  
-> Initial imprint should be reduced.  
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Wobbling Heavy Ion Beams  
may reduce the R-T growth. 
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HIB input energy is 1.8MJ,  
-> Gain ~100.

HIB input energy is 4MJ,  
-> Gain ~45.

Background 
 
Examples of HIF target design



high coupling efficiencies shell kinetic energy/ 
incident beam energy of 16% to 18%!!!



 R-T instability growth control by Wobblers  

x  [2π] 

gr
av

ity
 

1.0 

1.1 

0.9 

0.0 0.5 1.0 

gravity density 

gravity 
Normal R-T growth

R-T growth under  
δg oscillation

g = g0 + δg

Background 

Wobbling Heavy Ion Beams  
may reduce the R-T growth. 



Feedback control is preferable to stabilize  
the instability; the phase and amplitude are  
detected.  
 
-> But in plasmas, we can not measure the  
perturbation phase & amplitude.  
 
-> But we can actively impose the  
perturbation by the driver itself.  
-> this means that we know the phase!  
 
+ In addition, the overall perturbation is  
the superposition of all the perturbations. 



Control of RTI - Oscillating gravity - 
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Oscillation Gravity 
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From the equation, when the gravity 
oscillation frequency f is increased, 
the RTI perturbation velocity w 
decreases. 

! 

g x,y,z,t( ) = g0 +"g x,y,z,t( )

= g0 + g1 f1 x,y( ) exp #$ z( ) exp i%t( )
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Control of RTI - Oscillating gravity - 
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Oscillation Gravity 


timetgravityuniformnongvelocityinitialw
frequencyfrategrowthvelocityw

:::
:::

0 −δ

γ

10 

From the equation, when the gravity 
oscillation frequency f is increased, 
the RTI perturbation velocity w 
decreases. 
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Multi Mode Comparison  (t=5 [1/γ]) 
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Calculation procedure 

1.  A beam is divided into many 
beamlets   

2.  Calculation of beam particle 
trajectories  

3.  Calculation of stopping 
power 

4.  Energy deposition on to the 
fuel pellet 

2．HIB-Fuel pellet interaction (2) 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60 HIBs -> <1% HIB illumination non-uniformity 



32 beams 
Rotation radius 1.9mm 
Beam radius      2.6mm 
                          2.32% 

32-HIBs illumination system 

32-beam 

12-beam 12 beams 
Rotation radius 1.9mm 
Beam radius      2.6mm 
                          8.29% rmsσ

rmsσ

mm 

mm 

12-HIBs illumination system 



 Al pellet structure 

Void 
3.0mm 

    Al  
1.00mm 
2.69g/cm3 

Parameters  
Pb+ ion beam             
Beam number : 32      
Beam particle energy : 8GeV    
Beam particle density distribution : Gaussian 
Beam temperature of projectile ions : 100MeV with the 
                                                           Maxwell distribution 
External pellet radius : 4.0mm 
Pellet material : Al 

1.5~3.0mm 
Rotation radius 

Pellet radius 
         4.0mm 

Beam radius 
    1.5~4.0mm 

32 HIBs    ref.: Skupsky & Lee, JAP 54(1983)3662. 



θ＝37.377  
　　79.188  
　　116.565

θ＝63.435  
　　100.812  
　　142.623

 S. Skupsky, and K. Lee, J. Appl. Phys. 54, 3662 (1983). 



Image of Wobbling Heayv Ion Beam



Time[t/!] 

N
o
n
-u

n
if
o
rm

it
y
 (

R
M

S
) 

[%
] 

Beam center trajectory

Beam spotFuel Pellet

Beam center

Beam center trajectory

Beam spotFuel Pellet

Beam center

Initial imprint was huge.  
 
<- Spiral HIBs reduce Imprint. 

First rotation
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Mode (2, 0) is dominant. 
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A few % of energy deposition nonuniformity oscillates  
with the the wobbling HIBS oscillation frequency Ω.
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/ Spiral Wobbling HIBs introduce  
                            a low illumination non-uniformity. < 3.8% 
　　　　　　　　　　　　　　　　　　　　At steady state < 2.5%! 
/ Initial imprint does not give a large nonuniformity.  
 
HIB main pulse ~ 10 - 20 nsec 
Rotation frequency ~ several 100MHz~1GHz 
=> 
 We found a time-dependent wobbling HIBs illumination  
  with a sufficient uniformity  
+ with a time-dependent small nonuniformity  
         with the the wobblers oscillation frequency Ω.  
-> may induces g=g0+δg 
-> Wobbling HIBs may give a new smoothing & R-T  
growth mitigation method!  

Summary



32 HIBs    ref.: Skupsky & Lee, JAP 54(1983)3662. 
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